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I. Introduction
Transfer reaction studies with light ions (e.g. (t,p), (p,d), etc.) have provided very useful information on nuclear structure; both single-particle aspects and residual interactions (such as pairing) have been studied by oneand two-nucleon transfer reactions 1 ). Later, transfer reactions with light heavy ions have been used to study nuclei near closed shells 2 ), and still more recently, selective population of high-j orbitals in deformed Er nuclei was observed using transfer reactions induced by 12 c and 16 o, due to a favorable angular momentum mismatch between the entrance and exit channels 3 ).
In this paper, we want to consider transfer reactions with very heavy ions {A> 40). There are a number of reasons why these reactions are an interesting and attractive tool for nuclear physics 4 ). We would like to summarize some of the ones we consider important: i) They can provide information similar to that obtained with light-ion reactions, but with the unique features associated with very heavy ions, namely, the interplay between single-particle aspects, particle-particle correlations and collective excitations.
ii) They can populate states that cannot be produced with other reactions, for example, high-spin states in nuclei that cannot be reached with conventional (HI, xn) reactions, or with Coulomb excitation.
iii) The small amount of mass, angular.momentum and energy transferred, i.e., &M/M, &L/L and &E/E << 1, which together with the large Sommerfeld parameter, n >> 1, give the possibility of defining a localized classical trajectory for the reaction. In the present work we have extended particle-y coincidence methods to very heavy-ion transfer reactions; the techniques have been used previously in Coulomb-nuclear interference studies 8 ). We used a Xe beam on rare-earth targets to explore some of the previously discussed aspects of these kinds of reactions. The results, though still qualitative, provide an idea of the information one may get from such a technique in this yet poorly explored field.
II. Experimental Method and Results
In Table I, we have summarized the reactions studied, and have Ecm being the center of mass energy and Vc the Coulomb barrier. The position of the other detector was determined by classical kinematics. A particle-particle-y coincidence was required as a master gate. The x,y positions in both PSAO's, the Ge(Li) signals, the TAC between the PSAD's, the particle-y TAC's and the scaled-down particle-particle coincidences were 
C)
A prompt particle-y TAC signal was required before generating the Ge(Li) spectra.
D)
For each angle the scaled-down singles were also obtained to normalize the spectra.
This technique therefore combines intermediate resolution for the fragments to define the "classical trajectory" of the collision and the high resolution possible with y-rays to identify products and states populated in the reaction process. Fig. 3 shows Ge(Li) spectra in coincidence with distantand close-collision events for the 154 sm target. From the yield of y rays de-exciting a level of spin 1 0 , corrected by the efficiency of the y detector, we get the number of particle-particle-y coincidences Np-p-y for a given scattering angle e in the center of mass.
The number of particle-particle coincidences Np-p is given by the scaled-down singles. The ratio Np-p-y/NP-P defines the total probability of populating that particular-state directly or indirectly, i.e.,
The right side of eq. (III-1) is strictly true if we have a monotonic relation between energy and spin, a condition which is fulfilled by the rotational bands in the nuclei studied.
In figs. 6 and 7 we summarize the results for the y-ray yields integrated over the solid angle of the particle detector, as a function of spin. For the inelastic reactions (i.e., Coulomb+ Nuclear scattering interactions) the yield saturates for I 0 ~ 6+ and a strong population of the ground and 2+
states can be ruled out. Then ~PI will give us the total probability I>4 P 0 of producing an inelastic colTision. Similarly we can get the total probability P~N for the transfer channels. ·Table II summarizes the values found.
Since the values for P 0 are around 30%, we have to conclude that we are in a regime where multiparticle transfer and deep-inelastic reactions are important. To understand this effect we can attribute it to the imaginary potential W(r). In a simple approximation one considers a damping factor of the form:
and the probability to remove the collision from the inelastic channel will be for nucleon transfer (quasi-elastic+ deep-inelastic), around 70% of aR, have been observed 9 ) for 58 Ni on 208 Pb at E/Vc -1.25. These deep-inelastic products will fire our PSAD's but they-rays associated with them are likely to form a continuum spectrum due to the low population of individual channels. Therefore, we think that the discrete y-lines we have observed are related to quasi-elastic events (Q-windows < 10 MeV).
III.2 Effective penetration factors and enhancement
As barrier the probability for 2n-transfer is in this case larger than that expected for a cold transfer. For example, let us consider a simple schematic mechanism. We retain a barrier penetration description of the transfer *It should be mentioned that some problems in the normalization of their data still remain. This results from the large probabilities observed for transfer, that should be included them in the total probability.
process (this may not be justified) and assume two paths contributing to the * total possibilities: one cold {P;) and one excited (P;). Then
where Pexc represents the probability of having the nucleus excited. While -the excitation energy (P terms) has a small effect on Pln,T' it is the main contribution to P 2 n 9 T (see fig. 9 ). In this way we can extract from the data a value for EF around 2.5. This result shows that under the assumptions leading to eq. III-7, the "apparent" large EF could be explained without resort to the pairing correlations. To summarize, it appears that although we cannot rule out an enhancement due to the pairing interaction, the effect of excitation energy should not be ignored when discussing enhancement factors.
III.3 Spin dependence of the probabilities
Finally we turn our attention back to fig. 6 and 7, and discuss the spin dependence of the probabilities. We start with the inelastic channels. have no strong localization in space and since jx is small, they-ray yields should follow those of the inelastic channel as is observed experimentally.
IV. Conclusions
In summary we have explored transfer reactions between very heavy ions by studying reactions of 132 xe on rare earth targets using particle-particle-y coincidence techniques. One-and two-neutron transfers were clearly seen in the y-ray spectra. The effective form factors (eq. III-5) found suggest the importance of intermediate states of -6 MeV excitation energy for the transfer of two neutrons. This observation casts some doubts on the interpretation of the "apparent' 1 enhancement factor as arising from the pairing interaction 5 ' 6 ). In the framework of a simple mechanism we could show that without pairing the observed probabilities could be approximately explained.
We have discussed qualitatively the spin population patterns. The "inelastic" y-rays reveal the effect of the nuclear potential and the results for one-neutron transfer could be explained considering the spatial localization of the single-particle states involved. On the other hand, it is more difficult to interpret the two-neutron transfer results because they may not reflect solely the initial population.
We believe these kinds of reactions may become a useful tool for nuclear structure studies at high spins. To investigate further pairing effects in the 2n-transfer and spatial localization signatures we are currently planning experiments that will use Compton-suppressed Ge arrays 16 ) in combination with recently developed particle detectors 17 ). In such experiments the Table Captions Table I Some properties of the reactions studied. The formulas are given which were used to calculate the Coulomb barrier (Vc), the interaction radius (R), the Sommerfeld parameter (n}, the grazing angular momentum (L 9 ) and the maximum collective spin transferred in a sudden backward collision (Imax). For comparison, the same properties are considered for 16 o and deuterons as projectiles. * Fig. 9 Contributions from cold (P;) and excited (Pi) transfers to the total probability (P. 1 ). An EF-2.5 is needed to reproduce the 1 9 experimental 2n-points. Reference to a company orproduct name does not imply approval or recommendation of the product by the University of California or the U.S. Department of Energy to the exclusion of others that may be suitable.
